The development of a method suitable for identification of group A streptococci by microprecipitation in gels is described. The method is based on preparation of specific sera containing high antibody levels against the antigenic determinant characteristic of group A streptococcal polysaccharide. In a comparative study with a counterimmunoelectrophoresis method, the proposed test proved to be specific, easily read, and less complicated. Results were obtained in 2 h.
The development of a method suitable for identification of group A streptococci by microprecipitation in gels is described. The method is based on preparation of specific sera containing high antibody levels against the antigenic determinant characteristic of group A streptococcal polysaccharide. In a comparative study with a counterimmunoelectrophoresis method, the proposed test proved to be specific, easily read, and less complicated. Results were obtained in 2 h.
Determination of groups to which hemolytic streptococci belong is still made by the Lancefield method of precipitation in liquid medium (13, 20) . To make the determination more convenient, attempts to utilize immunodiffusion techniques, including the very sensitive counterimmunoelectrophoresis (CIEP) method (5, 6, 22) , have been made. No special investigations can be found, however, aimed at presenting evidence that the reactions obtained are due to antibodies against the polysaccharide determinants specific for particular groups. Besides, immunodiffusion with sera prepared against whole microbial cells reveals cross-reactions between streptococci of different groups (22) .
The specific antigenic determinant of group A streptococcal polysaccharide (A-polysaccharide) is known to be the terminal group of its side chains, represented by N-acetylglucosamine, filinked (11, 17) . A-polysaccharide also contains a determinant, associated with rhamnose oligosaccharides, which is shared by streptococci not belonging to group A (11) .
A-polysaccharide gave good reactions in the gel microprecipitation test. But along with the reactions due to antibodies against the specific terminal determinant, reactions with the rhamnose determinants were also detectable. The latter reactions were found with sera of animals immunized with A-variant streptococcus (1, 2) . It is known that the polysaccharide of this strain (V-polysaccharide) lacks the terminal determinants, but contains the rhamnose groups (17) . Observation of the reactions between A-polysaccharide and antisera containing antibodies to Vpolysaccharide, as well as inhibition of the reactions by V-polysaccharide, indicates that Apolysaccharide preparations contain a proportion of molecules without the terminal determinant (1, 2) . This may be one of the reasons for the cross-reactions between streptococci of different groups.
Cross-reactions are possible also because of polyglycerophosphate (PGP) (3, 16) Polysaccharides and other streptococcal antigens. A-polysaccharide was prepared from a strain of streptococcus group A type 5. The A-variant strain was used for preparing V-polysaccharide and peptidoglycan. Both polysaccharides and peptidoglycan were prepared from cell walls by the formamide method (10) . Several antigens were obtained from HCl extracts of a group A type 1 streptococcus by using preparative electrophoresis.
The preparative electrophoresis was performed in 1% agar gel using Veronal-medinal buffer (ionic strength 0.025, pH 8.6) for 5 h at 300 mA, 160 to 180 V, potential gradient 5 to 6 V/cm (24) .
Type-specific proteins were obtained from the starting zone; non-type-specific protein antigens moved the same length as did serum albumin (15), whereas PGP had three times greater mobility (3); a fraction containing A-polysaccharide was obtained from the zone corresponding to pyronine mobility (1) . From the same strain, E4 antigen was extracted with 0.85% NaCl, pH 5.9 (23) . Also used in the study was a staphylococcal A-protein-containing preparation (kindly supplied by A. K. Akatov).
Absorption of sera and inhibition of antibody. Cultures of A-variant and group A streptococci killed by heating and treated with pepsin (18) or staphylococcal cultures not treated with pepsin were used for absorption of sera (100 to 250 mg of lyophilized cells per ml). HCl extracts obtained from staphylococcal or group A and group L streptococcal cultures were added to some of the sera (0.2 ml of 5x concentrated HCl extract per ml). Specificity of reactions between A-polysaccharide and immune sera was controlled also by adding A-or V-polysaccharides (0.2 to 2.0 mg/ml), peptidoglycan (10 to 50 mg/ml), or synthetic N-acetylglucosamine (Biochemical Research Corp., Los Angeles, Calif.) (80 mg/ml) to the serum.
Immunodiffusion techniques. Immunoelectrophoresis (IEP) (8) and a gel precipitation test (PT) (19) as a micromethod were performed with the modifications of Zilber and Abelev (24) . Agar (1%; Difco Laboratories, Detroit, Mich.) in pH 8.6 Veronal-medinal buffer was used. IEP was run for 1 h at 100 V and 20 mA (potential gradient, 4 V/cm). PT was read after 2 and 24 h, and IEP was read after 24 h, after washing agar plates in 10% NaCl solution for 20 min. CIEP (5) was performed by using 1% ion-agar N 2 (Oxoid Ltd., London) prepared in Veronal-medinal buffer (pH 8.6) for 30 min at 20 mA and 100 V (potential gradient, 4 V/cm).
All immunodiffusion experiments were run with 5x concentrated sera and nonconcentrated HCl extracts.
In experiments comparing PT and CIEP, the formamide preparation of A-polysaccharide was used in a range of 3 to 100 jyg per ml (0. when A-polysaccharide (25 to 100 jig per ml) is tested against sera of rabbits immunized with group A streptococcal culture treated with pepsin. The reaction is completely abolished by absorption of the serum with group A streptococcal culture treated with pepsin as well as by inhibition with A-polysaccharide or 13-N-acetylglucosamine (Fig. 1) by IEP, they produced a precipitation line in the zone of pyronine mobility in the system used. When the serum was placed in the well and Apolysaccharide was placed in the trough, the reaction was detected in the zone of immunoglobulin G mobility (Fig. 2) .
Determination of antibodies against Aand V-polysaccharides. Most sera after two cycles of immunization with group A streptococcal culture treated with pepsin and all sera after three cycles gave distinct reactions with A-polysaccharide at a concentration of 10 mg/ml. Such sera were designated as immune sera. If the pepsin treatment was omitted, no reactions with A-polysaccharide under similar conditions were observed with sera of cycle 2 and very rarely (3 out of 14) with sera of cycle 3.
None of the 24 sera of nonimmunized rabbits revealed any positive reaction in PT with different concentrations of A-polysaccharide. No positive reactions were observed between unabsorbed immune sera and V-polysaccharide (5 mg to 25 ,ug/ml). At the same time, V-polysaccharide in these concentrations distinctly reacted with sera prepared by immunization with pepsin-treated A-variant cultures.
Occurrence of antibodies against other streptococcal antigens. Immune sera did not react in PT with type-specific and non-type-specific protein antigens that gave positive reactions with sera against whole microbial cells. Antibodies to PGP and E4 antigen were present in some immune sera. The precipitation lines formed with these antigens could be washed out from the gel by immersion in 10% NaCl solution for 20 min. The antibodies to PGP and E4 antigen were completely removed by absorption of immune sera with A-variant culture treated with pepsin. The absorption did not decrease markedly the intensity of reactions with A-polysaccharide.
Examination of HCl extracts from group A streptococci. Using immune sera absorbed with A-variant culture, only one precipitation line was obtained with HC1 extracts prepared from 25 strains containing M-protein and belonging to different types (Prague collection), as well as with extracts from 81 freshly isolated group A streptococcal cultures. These reactions were visible as early as 2 h at room temperature and became more intensive by 24 h.
The component of HCl extracts reacting with absorbed sera was identical to A-polysaccharide (Fig. 3) . No reactions were observed in PT between normal rabbit sera and HCl extracts prepared from different cultures of group A.
Testing of sera with HCI extracts from streptococci of other groups and staphylococci. Absorbed immune sera did not react with HCl extracts prepared from the collectional and freshly isolated streptococci not belonging to group A. The only exception was the group L strain, with which HCl extracts reacted positively in 3 out of 15 ferent from the antigen of group L culture, which reacted with some immune sera.
Absorption of sera with A-variant streptococci only weakened the reaction with HCl extract from L streptococci and did not affect the reactions with staphylococcal extracts. When the staphylococcals culture was used for absorption, reactions with the homologous extract were absent and, simultaneously, there was a reduction of the antibody titers against A-polysaccharide.
Comparison of CIEP and PT in detecting A-polysaccharide. HC1 extracts of group A streptococci gave a single precipitation line in CIEP in 30 min if absorbed immune sera were used. Similar time was required to obtain reactions in CIEP with A-polysaccharide in concentrations of 25 to 100 ,ug/ml. With the same concentrations of A-polysaccharide, positive reactions in PT were obtained in 2 h. At the polysaccharide levels of 6 to 12 ,ug/ml, positive reactions were evident in 45 min for CIEP and in 3 to 4 h for PT. With still lower concentration (3 pg/ml), both methods produced a distinct reaction after only 24 (18) , as a rule, contain high antibody levels against A-polysaccharide after absorption with the A-variant strain. This level is sufficient for reaction with a large dose of Apolysaccharide and permits detection of very low doses (3 ug/ml). Only single rabbit sera obtained by immunization with intact microbial cells possessed such activity.
The reaction of absorbed sera with A-polysaccharide is highly specific since it depends on antibodies against the terminal antigenic determinant containing N-acetylglucosamine. Addition of A-polysaccharide or synthetic N-acetylglucosamine abolished this reaction, although it was not inhibited by V-polysaccharide or peptidoglycan.
Although it was shown that preparations of A-polysaccharide included molecules lacking the terminal determinant (1, 2), antisera obtained by immunization with pepsin-treated group A streptococci do not contain antibodies against V-polysaccharide. This excludes the possibility of cross-reactions in PT with streptococci of other groups due to the common rhamnose determinant. Cross-reactions with other groups, caused by other antigens, can also be excluded. Antibodies against the cell wall proteins were shown to be absent from immune sera prepared by the method used. The antibodies against PGP and E4 antigen could be completely eliminated by absorption with A-variant culture.
As far as the rare cross-reactions with streptococci of group L are concerned (such reactions had been described earlier by Jelinkova et al., 9), the problem can be solved by proper selection of sera. In the same way, the rare reactions with staphylococcal antigens can be excluded. The latter reactions, most probably are due to the interaction between the A-protein of staphylococci and the Fc portion of immunoglobulins (7) and are not very frequent with rabbit sera (P. Christensen, personal communication).
Similar reactions between the protein antigens of group A streptococci and the Fc portion of immunoglobulins (4) seem not to be detectable in the gel PT with HCl extracts and rabbit sera. This was supported by absence of any additional precipitation lines between immune sera and HCl extracts prepared from strains containing M proteins, as well as by negative results in tests with the fraction containing cell wall proteins.
Thus, by immunization of rabbits with pepsintreated group A streptococci followed by absorption with the A-variant strain and selection of sera that do not react with HCl extracts of group L streptococci and staphylococci, it is possible to obtain a highly specific system suitable for microprecipitation in gel.
Some authors (22) 
